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The conference in Vancouver opened with Paul Zeeuwts outlining the ethos of the Six Countries Programme. This, he said, is an investigation of innovation, in an informal atmosphere providing for an open-minded exchange of information. Each conference held by the Six Countries Programme is different in its focus. The Vancouver conference was geared to innovation in the fast-paced, high-risk, technology environment that is characteristic of new emerging technologies.

Participants were welcomed by Mr. Bruce Drake, Executive Director of Industry Canada.



The first session entitled "What Makes Disruptive Technologies Disruptive?" was moderated by Mr. Rick Thomas of Industry Canada. The key question addressed by this session was "why are disruptive technologies important to policy makers, academics and business leaders?"

Disruptive Technologies, Firms' Strategies, and Government Policy
In the lead presentation, Professor Yves Doz, of INSEAD gave an introduction to disruptive technologies. His presentation opened with a discussion of the conventional understanding of disruptive technology. In a brief summary, he showed how technologies evolve along a path which follows a familiar s-curve, also known as a learning curve. He illustrated the concept of disruptive technologies using a series of sequential, but overlapping s-curves [Slide 3]. When a new technology arrives on the market it tends to have lower performance characteristics than its predecessor, which has had time to mature, to be be more economical, and have a better support infrastructure. The new technology tends to operate in specialty markets where its unique characteristics have value. Over time however, the new technology improves, production volumes increase, and price comes down. The new technology displaces the old and disrupts the industrial infrastructure. 

It is this type of disruptive technology, particularly in the context of small to medium enterprises, that has recently been popularized by Professor Clayton M. Christensen of the Harvard Business School in his book “The Innovator's Dilemma - When New Technologies Cause Great Firms to Fail”.

From this basic beginning, Professor Doz greatly expanded the idea of disruptive technologies by moving beyond price-performance curves and looking at the overall social, economic, and managerial context. There may indeed be disruption, he said, but it is not necessarily due to technology. There are many other factors, for example:

1. Innovation or Technology? While it may appear that technology is the critical change factor, in fact there are many other dynamics at play. We need to look at innovation in a more general way. The airlines have changed dramatically over time due to changes in the value proposition demanded by the markets. Low cost airlines, or regional airlines for example, responded to market requirements and drove technological change in the aerospace industry, rather than the other way around. 

2. Supportive or Disruptive? A common example of disruptive technologies is the evolution of disk drives from 14-inch to 3.5-inch and smaller. Entire companies disappeared as the market moved from one form factor to the next. But another way of looking at this is to say it was all just an evolution of the Winchester drive. Companies that moved with the innovation, such as IBM survived, whereas those that were locked in to a tighter production capability could not make the switch. 

3. Radical, Substitutive, Incremental, or Complementary? Many new technologies fit into several stages of an overall value chain within an industry. The role of biotechnology in the pharmaceuticals industry is an example. It may be radical, thereby creating entirely new therapies. It may replace another treatment. Or it may be specialized to be used in specific cases, or in conjunction with another drug. 

4. For Whom? A new technology may disrupt one company, but not others. Small office copiers [Slide 7] were seen as special cases of cameras for Canon. They were not a threat since they formed part of the consumer electronics market and had a parts, service, and supply chain with which Canon had experience. They were profoundly disruptive for Xerox, which targeted large corporate consumers and which relied on extensive and comprehensive service agreements for ongoing service. 

5. How Fast? Disruption is to some extent related to speed of diffusion. A slowly evolving technology allows firms to adapt, to write off infrastructure, to understand new markets. In a quickly evolving technology scenario, incumbents may act in inappropriate ways, as will be seen below. 

6. Happening or Created? Finally a technology that happens to a firm is different from one that is created by the firm. In the latter case, the impact of a technology happened by design and is not likely to be disruptive. 

Thus, it is not always clear that technologies need be disruptive. In most cases, someone benefits. Professor Doz went on to discuss the circumstances and behaviors that often lead market incumbents to be sitting ducks. The vast body of management literature points to three primary causes [Slide 9]: 

· Economic Interest Over time corporations invest in equipment and incremental innovation in order to be competitive and profitable. Once they have optimized production, there is little incentive to move into new competencies, write off install base or invest in new infrastructure. There is always the sense that they can get more out of existing processes. 

· Organizational Logic The normal routine and mindless logic of existing processes are difficult to overcome. Everyone has a role in the old process, and would risk becoming lost in the new one. 

· Social Heritage Outside of the firm, customers and suppliers may have an established set of relationships that are difficult to change. 

When incumbents finally realize that they have a problem they often react too slowly, with insufficient resources. It is difficult to overhaul large portions of an organization, but this is often what is required in order to move into new markets and win new customers. 

Challengers, on the other hand, see the new technology as a source of opportunity and approach it differently. They are quicker to perceive the new mix of technical, social and value innovations and use them in ways that incumbents would have difficulty emulating. They use (or create) new “low-end” markets and social networks as staging areas to move under the radar of the incumbents. 

Incumbents do on occasion succeed. When they do, it is due largely to a process of global intelligence gathering and sensing. New product opportunities are recognized early and the global reach of successful incumbents allows them to leverage existing infrastructure. The process of sensing, attracting, and leveraging is called the Innovation Turbine [Slide 15]. Prof. Doz showed the turbine at work in a case study of Shiseido's entry into the perfume market. Successful incumbents survive due to characteristics of their organizational culture. They often sustain a pluralistic dialogue, both internally and externally, which creatively challenges existing orthodoxies and business models. Planning is not rigid. Autonomous strategic processes are allowed to flourish and results are selected based on outcomes. 

There are many implications of all this for governments. The most obvious is industrial transformation in which new businesses open, and others become obsolete. More subtly, the knowledge bases of given industries and markets may become geographically dispersed thereby decreasing the effectiveness of clusters. New hubs and new social regimes within industries may need to be created. 

Professor Doz ended his remarks with a rather stimulating set of questions. What is “selected” by by successful firm in the new “disrupted” conditions: cultural “memes”; strategic initiatives, proposals, commitments; networks? Are SMEs more or less adaptive than larger firms? Can global knowledge prospecting, sensing, accessing and melding be achieved by SMEs and if so how? Finally, under what conditions are networks adaptive mechanisms, and when are the straightjackets? 



The second session, Identifying Science and Business Issues was moderated by Dr. Richard Hawkins of the Institute of Strategy and Technology Policy in the Netherlands. It looked at issues such as being able to 'catch the next wave', managing emerging technologies, and capturing business opportunities. 

Identifying Science and Business Issues: The Case of Nanotechnology 

Dr. Danial Wayner of Canada's National Research Council gave the first technical session, dealing with various aspects of nanotechnology. He did so from the perspective of a scientist who is coming to grips with managerial issues. 

He began with a quick primer on nanotechnology. It is important, he pointed out, to make a distinction between nano-research and nanotechnology. Much of what we see in the field that is so exciting and promising is research. It develops an understanding of how matter behaves at a molecular level as well as a capability to work with it at that scale. As we manipulate atoms and molecules we can see that materials with very useful properties can be produced. 

Nanotechnology is the useful application of the knowledge that we generate in nano-research. As nanotechnology evolves, two interesting things happen.  First, there is an integration of existing technologies as well as incremental advances. Then, there are new applications based on chance discoveries, or serendipity. These will be transformational in the way we think of manufacturing, health care, and information technologies. Dr Wayner noted that materials can be classified in terms of scale and complexity. By plotting materials against these two axes [Slide 5] he showed the relative position of differing components of nanotechnology, thereby creating a useful map of the nanotechnology terrain. 

Dr. Wayner then addressed the issue of "how do we catch the wave of technology"? He advised caution. There is a great deal of hype going on in this field, which after all, is primarily in the research stage. We should be investing in competencies and tools, but many investors are in fact looking for relatively quick results. Unreasonable expectations are being fuelled, especially with respect to time frames for delivery. Investment in nanotechnology skills and infrastructure is a long-term undertaking, but it must be done. The benefits will not flow unless the basic capabilities are in place. 

There are parallels here to what happened in biotechnology and lessons to be learned. It is a mistake, for example, to rush into products before the basic research has been done. Another lesson is the difficulty in scaling-up. There is a world of difference between making an object in a lab, and trying to manufacture and ship 10,000 a week. That is not a simple task, and it's not simply an engineering problem anymore. There are global economic issues to be considered because to be successful, you have to be the best in the world. 

On the topic of government policy, Dr. Wayner was enthusiastic about the creation of technology clusters. This is an important part of the NRC strategy. They provide a crucible in which government labs, universities and industries can interact. Also, the necessary supplier structures can form a market for specialty components and services. In clusters, ideas move around quickly and ad hoc partnerships are easily set up or pulled down as necessary. When it is time to create commercial spin-offs, it can readily and easily be done. 

Another important lesson from the biotechnology world had to do with Nano Environmental, Ethical, Economic, Legal, Social Implications (NE3LS). Public rejection can easily derail technologies (e.g. GM foods). Early citizen engagement to develop a NE3LS capacity should not be seen as an obstacle, but as an opportunity for Canada to establish a competitive edge in a global economy. Broad social support of a technology improves its ability to diffuse in a beneficial way. The National Institute for Nanotechnology has apportioned a part of its budget specifically for outreach programs. 

He concluded his remarks with a quick forecast of where he saw business opportunities lying. In the short term we can expect some low disruption technologies to emerge such as nano-materials, nano-tools, and nano-electromechanical systems. The more disruptive elements are still on the long term horizon including such things as nano-electronics/quantum computing, bio-nano-technology/personalized health care, and nano-systems integrated with other convergent technologies. 

The Relationship Between Nanotechnology and Quantum Computing 

Dr. Geordie Rose, President and CEO of D-Wave gave a visionary presentation of quantum computing. D-Wave builds quantum computers, and they are now recognized world-wide as one of the leaders in the race to build working machines. He spoke as someone with the inside track on one of the most cutting edge, next generation technologies.

He gave a quick overview on the potential of quantum computers. In a nutshell, if they can be made, they will increase computing power by many orders of magnitude. The technology is so potentially world-changing, that it's almost difficult to believe that it's true. Functioning quantum computers are not "just around the corner" but there are respected, if optimistic, views that they could start appearing in the next 5 to 10 years.

So why would all this computing capacity be useful? Dr. Rose explained that a great deal of scientific computational work is now being done to simulate experiments. This work uses classical methods that model macro properties of materials and energy. But approximate models can only give approximate solutions. In the end we wind up with "approximate truth". Quantum computing, however, gives us the ability to create exact simulations. We can determine the properties of a molecule, for example, by modeling the behavior of each individual atom in the molecule. Quantum computers are expected to be particularly good at dealing with such problems because they excel at mimicking other quantum things, such as molecules. This will make them exceptionally valuable for nano-science.

As Dr. Rose pointed out, the leap to quantum machines will be as dramatic as the introduction of computers, and will likely follow a similar diffusion path. Initially, there will be a small number of machines, operating in highly restricted environments, and running tasks that are of immense strategic importance. 

What kind of policies would be best to support emerging new technologies? Dr. Rose felt that contracts to build early prototypes are best because they provide companies with a first customer who can be used as a reference and a bridge to more commercial business.



The third session, SMEs and Disruptive Technologies was moderated by Tony Pendrotti of the U.K. Department of Trade and Industry. This session focused on the critical role of SMEs and on government support programs for small firms.

Canada's Innovation Strategy
Ms. Lois Stevenson, of Industry Canada described Canada's approach to developing an innovation infrastructure.

There was a recognition in Canada that although it had an admirable track record for research and innovation, nevertheless it was falling behind some of its major competitors and trading partners, notably the US [Chart 4]. In 2001, Industry Canada in concert with Human Resources and Development Canada conducted a broad policy review of all aspects relating to innovation, including basic infrastructure and skills. The task of the Innovation Secretariat was to assess the overall challenges and define national goals. Additionally, the secretariat was to consult with a broad range of stakeholders with a view to fostering buy-in to the overall results.

The consultations involved several government departments, and reached over 10,000 Canadians in 33 regional events. There were meetings with over 80 sectoral groups. There were also over forty expert, best-practice, and interest group roundtables. A diversity of streams (e.g. sectors, regions, youth, provinces) brought over 600 online responses from individuals and SMEs, as well as over 250 formal submissions received from organizations representing hundreds of thousands of Canadians. These are posted online for public review.

A number of priorities became clear. For example:

· Improve R&D performance of private sector firms

· Stimulate a tripling of investment by 2010

· Improve commercialization outcomes from government-funded and private sector R&D

· Get more R&D ‘off the shelf’ and into the marketplace

· Improve the regulatory environment for innovation

· Deal with impending skills shortages in several areas

· Develop highly qualified manpower: world-class researchers; scientists; commercialization experts

· Help communities of all sizes improve their ‘innovation and learning’ capacity so they can improve innovation performance

· Develop a stronger culture of innovation in all parts of Canadian society

· Harmonize regulatory regimes and technology assistance programs across levels of government

· Develop all kinds of collaborative networks (e.g. large firms-SMEs; sector-sector; universities-SMEs; R&D institutes-industry)

· Foster new partnership arrangements (e.g. international consortia; anchor firms-SMEs; public-private sector R&D

As a result of these consultations a number of bold targets were established for government and industry:

· By 2010, rank among the top five countries in the world in terms of R&D performance.

· By 2010, at least double the Government of Canada's current investments in R&D.

· By 2010, rank among world leaders in the share of private sector sales attributable to new innovations.

· By 2010, raise venture capital investments per capita to prevailing U.S. levels.

· Through to 2010, increase the admission of Master's and PhD students at Canadian universities by an average of 5 percent per year.

· By 2002, implement the new Immigration and Refugee Protection Act and regulations.

· By 2004, significantly improve Canada's performance in the recruitment of foreign talent

· Over the next five years, increase the number of adults pursuing learning opportunities by 1 million.

These goals fit into a framework for policy making that spanned 18 priority areas [Charts 24 - 28], each of which have immediate action plans. The end result of this activity was a broadly based policy process that was inclusive of many stakeholders. Democratic in the making, inclusive in scope, practical in its details, this consultative process will likely form the bedrock of Canada's industrial strategy for the next five years.

 Innovation, Disruptive Technologies, and SMEs: Constraints and Policy
Alan Hughes of the Centre for Business Research at the University of Cambridge took an evidence-based approach to looking at government industrial support policies. By looking at historical data collected over the years in the UK he was able to make observations on the nature and incidence of knowledge based SMEs, on some of their distinctive business characteristics, on their innovative behavior, as well as on any constraints on meeting business objectives.

Professor Hughes presented a brief analysis of the historical data behind innovation policy in the UK, demonstrating in passing that while evidence based policy is a good idea in principle, it can be difficult to achieve in practice. As he was able to show, historical trends had many influences [Charts 6 -7]. Macro-economic conditions changed through the years, as did technology and markets for them. Policy levers had also been used over time making it awkward to get a consistent view on whether or not certain policy options were actually effective.

At the outset, there was ambiguity in determining what a small knowledge-based/high-tech firm is. A variety of definitions were proposed but consistent elements were: a dependence upon application of scientific or technological skills, or of knowledge, in production of new goods or services; an emphasis upon the technology component of activities as a source of competitive advantage; and an independent owner/controlled status with employment less than some varying specified cut off point (e.g. 200 or 500 workers). In practice, in most studies, hi-tech firms are identified as “firms in high-tech industries”. These are then identified as industries with high or above average R & D/sales ratios (e.g. 20% above mean for all industries), or alternatively, as industries with above average shares of technologists, scientists and higher professionals in their labor force. But this is misleading as high-tech firms can occur in any sector, and this definition can also sweep in firms that provide support to high-tech industry but do not themselves conduct much research.

His data also suggested that a change in focus may be in order. Currently there is much emphasis on spin-offs from universities or on start-up companies. Certainly there in a public fascination with the "new kids on the block", but in fact only a very small proportion grow substantially (e.g. in 2002 only 125 of 21000 US university licensed firms yielded > $1.million). Of perhaps greater importance are the "Golden Oldies" - established companies that are the users of new technologies. He cited studies in the US that showed how US productivity in the 90's was driven by the adoption of technology by the retail sector. 

In hindsight this should not be surprising. Perhaps it is even obvious that the main benefits of technology derive from their use, rather than their production and sale.

These caveats noted, Professor Hughes described a number of characteristics on high technology firms. Typically they have a low numbers of perceived competitors (4-6), which they mostly believe are overseas. High tech firms, especially those in services are more reliant on their largest customers (40%-50% sales from top 5 customers). Collaboration is important since a top priority for the firms is expanding product range. Quality and specialization are also important, even more than price or speed of service.

The high technology firms in his study also faced constraints. Those involved in high tech manufacturing had to deal with low early demand, finance for expansion, and marketing skills. Access to overseas markets was also an issue.  In high tech services, again overdraft finances were an issue, and a lack of marketing skills highly rated as a constraint. In general they didn't complain about getting access to technology, not perceiving it as a major issue.

Professor Hughes summarized his evidence-based study of high technology firms as follows:

· Focus on high-tech firms not high-tech sectors

· Product development occurs in an environment with few competitors 

· Maintain an overseas orientation with an emphasis on exports and collaborative agreements

· In general, recognize that customers are the key collaborators

· With respect to constraints, finance is still an issue, but marketing skills follow close behind
 

Professor Hughes also made some general observations on the SMART (Small firms Merit Award for Research and Technology) program in the UK. This program covers a number of industrial policy levers to help individuals and small to medium-sized businesses make better use of technology and develop technologically innovative products and processes.

· Technology Reviews Grants of up to £2,500 for individuals and small and medium-sized firms (fewer than 250 employees) towards the costs of expert reviews against best practice.

· Technology Studies Grants of up to £5,000 for individuals and small and medium-sized firms (fewer than 250 employees) to help identify technological opportunities leading to innovative products and processes.

· Micro Projects Grants of up to £10,000 to help individuals and micro-firms (fewer than 10 employees) with the development of low cost prototypes of products and processes involving technical advances and/or novelty.

· Feasibility Studies Grants of up to £45,000 for individuals and small firms (fewer than 50 employees) undertaking feasibility studies into innovative technologies.

· Development Projects Grants of up to £150,000 for small and medium-sized firms (fewer than 250 employees) undertaking development projects. A small number of exceptional high-cost projects may attract grants of up to £450,000. 

Do such programs work? Professor Hughes found some measure of success, although there were methodological issues to be considered in making such an assessment. He mentioned for example counterfactuals [Chart 30] - the notion that in real-time experiments there is no way of knowing might have happened if the policy was not in place. 

But he did conclude that SMART was a successful scheme with positive outcomes dominated by small proportion of high fliers. Such skewness of results is to be expected, but it does mean that a assessing a program based on average effects can be misleading. As a final recommendation he suggested that support programs should include a requirement that an information component for baseline data and outcomes should be built into any new program.



The fourth session dealt with the Role of Government Research Institutes. I was moderated by Dr. Michael Kelly of the University of Ottawa and considered the role of public research institutes in the support and commercialization of research.

National Innovation System and the Role of National Institute
Prof Otto C.C. Lin, of the Hong Kong University of Science & Technology in Kowloon discussed the approach used for industrial policy in Taiwan. He began by noting that that the technology commercialization process is often viewed as having a tree-like structure with science at the roots, technology as the trunk, and high-tech industry as the branches bearing fruit. The truth is far more complicated. The roots for example contain far more than just science. They include things like national vision, strategy, policy commitment, R&D funding, taxation and banking, the legal system, regional planning, fiscal infrastructure, basic science, education and skilled workforce, entrepreneurship, venture capital, social support and project management. A lot happens between basic research and the first sale.

Professor Lin put forward a view of the intermediate process as consisting of two parts [Chart 7]: developing industrial technology, and nurturing a business environment. In his model, the components of industrial technology are applied research, product development, process development, pilot production, and technology diffusion. In order to strengthen the business environment one must consider policy, planning, R&D funding, taxation and legal systems, infrastructure, skilled manpower, venture capital funding, a spirit of entrepreneurship, and social support and stability. An important detail of the Taiwanese strategy is the creation of technical institutes which provide a technology diffusion bridge between university funded research and development in corporations.

Professor Lin described the operation of Industrial Technology Research Institute (ITRI) [Charts 8 - 11]. This is a statutory national institute established by law and founded in 1973. It is a non-profit R&D corporation under the auspices of the Ministry of Economic Affairs (MOEA) and acts as the technical arm of the government’s industrial policies. The scope of ITRI is impressive [Chart 19] including activity in electronics, materials, chemicals, energy and resources, machinery, aerospace, industrial pollution control, industrial health and safety, metrology, opto-electronics, and computers and communications.

A number of successes were highlighted. In Dr. Lin's view, the critical success factor behind these stories were:

1. Insightful Government Policies and Effective Execution This included industry policies (for strategic industries and for ITRI itself) and financial policies (government VS arms and IPO's for high tech companies).

2. Successful Commercialization Techniques included tax shelters and R&D incentives, shielding labs from government bureaucracy, and the establishment of a science park.

3. Good Model of Innovation Three areas are important: technology leadership, a good business model, and a sound program of human resource development.

Dr. Lin then showed examples of the success of the model. In many areas Taiwan identified a target industry and moved from a nominal market position to one of global dominance. A very impressive story. 

What is the key? Professor Lin summarized their approach by saying it sought specificity and a niche advantage at the outset. There was always a market orientation and a focus on economic feasibility. Finally, leadership provided industry participation and effective technology transfer mechanisms.

Innovation in Canada: Photonics at NRC
Dr. Richard Normandin described how the National Research Council (NRC) interacts with Canada's industry. Currently, the NRC has about 3600 full-time employees, and 1200 guest employees. The Industry Research Assistance Program has the support of small businesses across Canada, there is 19 research institutes, and five innovation and technology centers. These are spread across the country [Chart 4] dealing with technologies such as nanotechnology, fuel cells, sustainability in an urban context, life sciences, aerospace, and ocean engineering to name a few.

Close interaction with industry is critical. Dr. Normandin highlighted how teamwork enabled Canada to gain a position of strength in the photonics field. The innovation was optical wave division multiplexing which would result in a 10-fold increase in optical bandwidth. At the time, this was a disruptive technology.

It was also very technically challenging development process [Chart 16] in that 10 lasers needed to be put on one chip. Many thought it was impossible. Moreover, no one knew if anyone really needed that amount of bandwidth. This presented all of the classic problems associated with disruptive technology. But times changed, and in the early days of the internet it became clear that the demand for bandwidth would skyrocket.

The Solid State Optoelectronics Consortium (SSOC) was created in 1989 with participation of Bell-Northern Research and a number of SMEs. Eventually the SSOC developed integrated photonic devices for wavelength division multiplexing (WDM) on a single chip. The rest is history. There are now 70 NRC spin-offs in Ottawa alone, creating 7000 high tech jobs, with over $1B in sales.

There were important long-term impacts of the SSOC which continue to this day. There is still a very high level of R&D partnership (individual firms commercializing results). An efficient internal organization and culture was established. External to NRC, many lasting relationships and clients still exist. And there are the spinoffs: CrossLight software, SiGe Semiconductors, Iridian Spectral Technologies, MetroPhotonics, LNL Optenia, and Trilium Photonics.

A further result of this process was the creation of the Canadian Photonic Fabrication Centre. Here components and opto-electronics devices can be fabricated, and small pre-competitive runs can be tested. Low-volume production, faster turn-around and also training highly trained personnel with industrial equipment, instead of lab-type equipment can give a head start to Canadian companies.

The NRC story was not one of top-down government strategy. It was rather an industry-driven effort in which government support, without the bureaucracy, created a winning formula.



The final session was opened by Dr. Don Rix of the Science Council of British Columbia. It was moderated by Dr. Jim Reichart also of the Science Council of British Columbia. It looked at successful government/industry partnerships.

Canada: an Innovative Society

Dr. Martha Piper,  President and Vice Chancellor at the University of British Columbia gave an enthusiastic presentation on the role of universities in the overall creation of an innovative society. Education lies at the base of innovation. An innovative economy is founded on an educated work force that is globally competitive and a public that is open and aware of the benefits that science and technology can offer.
A major theme of Dr. Piper's remarks centered on the role of leadership in the pursuit of innovation. She began by noting that the world, almost instinctively, thinks only of the US when considering R&D performance in North America. Even when they think of Canada, their first thoughts will be of Toronto, before the Canadian west coast. In order to attract attention, it is important to have a constant presence in the market place selling the advantages of Canada. As she pointed out, Vancouver is the the third largest high-tech precinct north of the 49th and the 16th largest in North America.

The public sector plays an important role. Over the past six years, successive federal budgets have invested heavily in universities and university research to the tune of over $11 billion of new funding. These funds were put to work to fund permanent centers of excellence, which were linked to the universities. They also strengthened the federal research granting agencies. In practical terms, these budget increases also created scholarships for 4,000 graduate students. Ph.D. students will be funded at about $37,000 a year and the Master's students will be funded at about half that.

Leadership is particularly important for a nation sitting next to the US. It is all to easy for a graduate to move south for greater opportunity. When the public pays for 80% of education, this represents the loss of a significant investment. (Of course, if you can get the brain drain to work the other way around it is a net benefit).

Programs such as these achieve a measure of success. The University of British Columbia attracts more than 350 million dollars of research funding, of which 25 to 30 per cent comes from industry, for projects ranging from Asian studies, anthropology and biodiversity, to clean energy research, functional proteomics, computing science and electrical engineering. As a result of this research, U.B.C. has had a long track record of technology transfer, and as a consequence has registered 227 patents and created another 109 spin-off companies, companies that are currently attracting over 1.5 billion dollars in private investment and employ over 2500 people in the Lower Mainland of B.C.

Dr. Piper pointed out that a university's duty to its citizens goes beyond creating new businesses. It creates individuals who are the fabric of a civil society, who understand world events and other parts of the globe, who are tolerant and respectful of other cultures and religions, and individuals who, in addition to being computer and scientifically literate, have a certain level of global literacy. She firmly believes that innovation will not occur in today's world without this broader view. Innovation never exists in a vacuum. It requires the free flow of ideas from many cultures, mutual respect and what they call the "Bohemian index". One way of doing this is to establish collaborative programs with other countries.

In summary, success in innovation is not just an exercise in the mechanics of finance, R&D, or project management. Leadership, commitment and enthusiasm are absolute requirements to drive forward into unknown territory.

Improving Government-SME Partnerships for the Development of New Technologies
Dr. Charles Wessner, Director, Innovation and Technology at the US National Research Council gave an update on the changing R&D scenario in the U.S. Since the end of the cold war, the research environment has changed considerably. Total R&D continues to grow and in fact there appears to be an R&D race among nations. This is taking on a pattern that at times exhibits collaboration, but also has very strong elements of competition, even conflict.

Success has been mixed [Charts 6 - 9]. Private research is growing, and it is closer to market. But this means more applied and less basic research. Many of the large industrial labs are smaller or gone. Public research has surged in some areas yet dropped in others. Support for public R&D has dropped relative to the increased size of the U.S. economy. Moreover, there is an imbalance in skills. There is a reduction in demand for physics, chemists and mechanical engineers. This may be problematic in the long term as it represents a "random disinvestment" in basic research.

Another current issue in the U.S. relates to the "war on terrorism". This has attracted considerable funding [Charts 12 - 13], including R&D dollars. There will of course be spinoff benefits for society in general. For example, bio-terrorism research will likely advance research on malaria.

Dr. Wessner made some important points regarding federal support for R&D in general.

Early-stage technology development is important. It can be very transformative with large returns to national economic capability relative to a small national investment. Markets for allocating funds to early projects are not particularly efficient, and government grants appear to be more important than was previously thought. Although there is a strong ideological, almost mythical, bias in the U.S. in favor of letting markets support everything, in fact most major technological advances in the U.S. have had significant government support.

Dr. Wessner drew attention the issue of venture capital as an example of imperfect market mechanisms. In the U.S., as elsewhere, there is limited information on new firms. It is known that they are prone to herding tendencies, and often focus on later stages of technology development. Most venture capital investors also seek early exit. In the current bullish market, venture capitalists are very risk-averse.

Another myth surrounding R&D lies in the so-called linear model of innovation. In this model basic research leads to applied research, which in turn flows on to development and commercialization. In fact, there are major overlaps between basic and applied research, as well as between development and commercialization. Principal investigators and/or patents and processes are mobile, i.e., not firm dependent. There are many unexpected outcomes. The linear model omits “feedback loops”. In fact, technological breakthroughs may precede, as well as stem from, basic research. A more accurate model [Chart 22] shows feedback loops between each section. Thus for example, it is possible in the field of nanotechnology to investigate basic atomic properties in order to solve a product related problem. It is important to note this because many support policies make an unnecessary distinction between fundamental and basic research. In the end, it's all knowledge. (An alternate process model was also shown in which small firms must move through the "Valley of Death", then cross a "Darwinian Sea" to create a viable business [Chart 26].)

What are the elements of a successful public policy framework? Three things [Chart 37] that have worked in the U.S. are:

1. Microeconomic Incentives for an Entrepreneurial Environment There has to be a social value placed on entrepreneurial success. Tax policy has to provide an incentive to take high risks, most notably by letting people retain their gains. Low regulation is important, it allows things to proceed quickly. Having to wait, and wade through regulation, is expensive for a small firm. Also labor flexibility is important. Many productivity measure are pointless if it is not possible to move labor in and out of a firm. 

2. Public-Private Partnerships Two approaches have worked well, innovation awards (discussed in greater detail below) and industry consortia. 

3. Growing Role of Universities as Innovators & Investors It is helpful to establish an enabling policy framework with incentives for professors and universities. But universities must be (or have to become) more agile, more flexible, and more diverse to encourage commercialization. S&T Parks are growing in importance too. 

Two important programs in the U.S. are the Small Business Innovation Research Program (SBIR) and the advanced technology program (ATP).

The SBIR is a highly competitive, three-phase project. It should be emphasized that it is the competitive nature of the program that significantly contributes to its success.

Phase I is the Feasibility Phase. There is a competitive award of limited federal research funds for short term investigation of scientific merit and feasibility. Up to $100,000 in funding is provided and winners are normally given up to 6 months to complete the first phase. It is highly competitive—only 12% to 14% of submitted proposals receive Phase I awards.

Phase II is the Prototype Phase. Selection emphasizes research projects with strong scientific merit as well as strong commercial merit. The maximum award level is $750,000 (although it can be more e.g., for drug development). It is typically restricted to two years for completion. Phase II is still competitive, only 40% of Phase I of firms receive Phase II awards.

Phase III is the Commercialization Phase. There is no additional SBIR program funding. Federal agencies can provide procurement funds, but the agency must finance Phase III using non-SBIR funds. The intent is product development and commercialization arising from Phase II projects.

The SBIR has made many contributions. It:

· Catalyzes the development of new ideas and new technologies 

· Capitalizes on substantial U.S. R&D investments 

· Addresses gaps in early-stage funding for promising technologies 

· Certification Effect—government endorsement of technical quality 

· Provides a bridge between small companies and the agencies, especially for procurement 

· Contributes new methods and new technologies to agency missions 

· Provides a bridge between universities and the marketplace 

· Encourages local and regional growth, increasingly through the university connection 

The ATP program provides an alternate and unique role. It funds high-risk, high payoff technologies beyond the capabilities/hurdle rates of individual firms. It can thus, act as a countervailing force to “herding” tendencies of venture finance. ATP is uniquely positioned to contribute to cross-disciplinary challenges—such as those in genome research. It encourages the formation of partnerships and consortia to encourage technology development and diffusion.

Proposals are industry initiated and highly competitive. There is a rigorous selection process in which an independent evaluation of the project's technical merit, commercial worthiness and potential for broad-based benefits is assessed. Importantly, all awards are cost shared with industry. Partnering is encouraged as dissemination of enabling technologies is a key to public benefits and a rationale for public support.

A heavy emphasis is placed on ongoing assessment. This not only maintains the integrity of the program, but it is seen as valuable 'coaching' for candidate firms, and as a 'seal of approval' for prospective investors.

The winners of ATP awards are mostly (63%) small companies, but large companies are valued players and the role of universities is growing.

Many industries participate: Electronics & Computers 38%; Manufacturing 22%; Biotech and Advanced Materials 14%; and Information Technology 12%.

The common element to both programs is the role of evaluation. In his summary comments Dr. Wessner stressed that this is the critical success factor that should be built in to all support programs.



The Innovation Landscape - A Summary
The conference proceedings were summarized in a presentation by Mr. Raymond Bouchard, President of Drachma Denarius.

Each presentation was placed into the context of an "innovation landscape" as shown in the eight-section diagram below.

	Research
	Development
	Marketing
	Application

	Science
	Technology
	Economic
Capability
	Utility, value
wealth creation


The opening statements talked about the overall benefits of technology in relation to economic development. They also highlighted the role of the Six Countries Program in creating a need for critical thinking in a spirit of informality. 

Professor Doz's paper addressed the marketing and capability sections. The technology papers of Wayner and Rose looked at research and development as well as technology and capability. The Stevenson paper was a sweeping look at the entire diffusion spectrum. Professor Hughes gave a good description of the feedback loops that exist in the marketing, capability, application, utility sections. The papers of Lin and Normandin each outlined an approach to a national strategy - a top-down approach in Taiwan, versus a bottom-up approach in Canada. Dr. Piper's stimulating talk looked at innovation in a broader, thoughtful, social context. Finally Dr. Wessner described the successful U.S. programs with their emphasis on assessment and feed back.

